Background: Health organizations suggest that adults ought to engage in at least 30 minutes of moderateintensity daily physical activity. This study investigated the effects of a 30-minute single daily bout of brisk walking upon risk factors for coronary heart disease with blood lipid profile in particular. Methods: Thirty-three (25-45 y) adults, were randomly assigned into an exercise group (EG; n = 16, 9w) and a control group (CG; n = 17, 6w). The EG walked briskly 30 minutes daily during the 3-week test period. Compliance/adherence was maximal throughout the 3-week intervention due to stringent daily monitoring. Results: The EG showed a significant decrease in concentrations of low density lipoprotein cholesterol (LDL-C) and total cholesterol (TC) during the intervention period. A significant inverse correlation between Δ energy expenditure/day and Δ LDL-C (r = -0.39, P < .05) and an improvement in weight and BMI in the EG was found. Average steps during 30 minutes brisk walking bout was 3669 steps/bout generating a mean energy expenditure of 191 kcal/ bout.
A lifestyle defined by physical inactivity is associated with development of obesity, hypertension, hypercholesterolemia, type 2 diabetes mellitus, and coronary heart diseases (CHD). 1, 2 Conversely, regular physical activity promotes physical capacity, quality of life, and self-esteem, as well as reducing the risk of certain diseases. 1, [3] [4] [5] Based on these notions, several health organizations have suggested that adult individuals should be engaged in at least 30 minutes of moderate-intensity physical activity on most days of the week. 1, 6 CHD is the most common cause of pathophysiology and mortality in modern industrialized nations. Atherosclerotic risk factors have been correlated with development of CHD. The most important of these factors are family history of CHD, dyslipidemia, arterial hypertension, diabetes mellitus, obesity, smoking, and a sedentary lifestyle. 1, [7] [8] [9] Dyslipidemia is a condition associated with abnormal lipid or lipoprotein concentrations in the blood. There is a correlation between CHD and elevated serum triglyceride (TG) levels, total cholesterol (TC), particularly low density lipoproteins cholesterol (LDL-C, so-called "bad cholesterol") and a reduced high density lipoprotein cholesterol (HDL-C, so-called "good cholesterol") concentration. [10] [11] [12] [13] A reduction of LDL-C with 0.2 mmol/l during 1 year could reduce the risk of ischemic heart disease by 6% among individuals presenting elevated levels; with a prolonged reduction over 6 years it may reduce the risk by 21%. 14 Physical activity, defined as bodily movements that result in increased energy expenditure, is becoming the preferred term, replacing exercise, which refers to a subset of physical activity that is more structured, generally more intense, and aimed at increasing or maintaining physical fitness. 15, 16 Physical fitness includes cardio-respiratory fitness, muscle strength, body composition, and other attributes that relate to the ability to perform sustained physical activity. 17 Moderate-intensity physical activity is defined basically as the intensity of physical activity at which an individual experiences gentle shortness of breath, such as in brisk walking exercise. A more specific definition for moderate physical activity for adults is an intensity of 40% to 60% of VO 2 max, or an intensity that generates 4-6 METs (metabolic energy turnovers). 1, 17 One MET correspond to the energy expenditure at rest, which for a normal weight person represents about 1 kcal/ kg body mass/hour or ≈ 3.5 mL O 2 ⋅kg -1 ⋅min -1 . 1,2 With a body mass of 60 kg, a 30-minute brisk walk represents an extra energy expenditure of 120-180 kcal which is in line with the recommendation of at least 150 kcal extra daily energy expenditure. 1 Health promotion has been defined by the World Health Organization's 2005 Bangkok Charter for Health Promotion in a Globalized World as "the process of enabling people to increase control over their health and its determinants, and thereby improve their health." Physical activity prevents and even alleviates many well-known atherosclerotic risk factors, including elevated blood pressure, insulin resistance and glucose intolerance, elevated TG concentrations, low HDL-C concentrations, and obesity. In combination with weight reduction, physical activity decreases also LDL-C concentrations. 17, 18 Recent studies indicate that there is a dose-response relationship between physical activity and promotion factors for CHD (ie, the greatest benefit would come from inducing those least active to become moderately active). [19] [20] [21] The dose of physical activity refers to the total amount of energy expended: a single prolonged brisk walking bout over 20-40 minutes/day has been found more effective for energy expenditure than 2 to 3 short bouts over 5-15 minutes/day. 22 The aim of the current study was to investigate the effects of the commonly recommended 30-minute daily single bout of brisk walking on risk factors for CHD, such as unfavorable body composition and blood lipid profile in adults during the 3-week intervention period, a central aspect of the study.
Materials and Methods

Subjects
Volunteers were recruited by an e-mail that contained information about aim, study design, and inclusion criteria. All contacts and analyses were realized at the Department of Health and Behavioral Science at the University of Kalmar. The volunteers answered a questionnaire about health / medical history. Subjects with previous history of cardiovascular diseases, metabolic disorders, and use of drugs known to affect energy metabolism (including cigarette smoking) or any contraindication to exercise were excluded from the study. None of the subjects used lipid-modifying agents. Thirty-three healthy volunteers (18 men and 15 women) between 25 and 45 years old completed the study. The participants were randomly into 2 groups, exercise group and control group. The exercise group consisted of 16 volunteers (9 women and 7 men) who were incited to walk briskly 30 minutes every day and the control group of 17 volunteers (6 women and 11 men) were told to live as normal as possible during the test period. Subjects in the exercise and control group were selected by similarities in age, gender, weight, length, and body composition, since these factors are known to influence the blood lipid profile. Point supervision involved both gym treadmill and promenade. shows the progress of selection and testing procedure from first contact to completed study.
Study Design
A prospective randomized controlled intervention study was designed. To logistically carry out the test administration schedule, the study was divided in 2 periods of 4 weeks each, respectively. Each period incorporated a similar number of subjects from both the control and exercise groups. Both groups began the study, under baseline conditions, with 1 week of normal living, without any extra physical activity. The Exercise group then continued with a 3-week period of 30 minutes of daily, brisk walking. Evaluations of the results were carried out at the beginning of the exercise period, after 1 exercise week and after 3 exercise weeks. Compliance/adherence was maximal throughout the 3-week intervention due to stringent daily monitoring.
Demographic and Lifestyle Characteristics
At the first sampling all participants completed a questionnaire asking for demographic-and health factors. Answers about age, smoking, and medical history were used as exclusion data. The participants were instructed to note on a self-registration protocol if they eat more or less than the registered baseline settings.
Biochemical and Clinical Parameters
Evaluations of blood lipid profile, blood pressure, body mass index (BMI), and body composition (percentage body fat) were carried out during 7-9 AM, before eating. Data for height and weight were gathered with excess clothing and materials removed. BMI was calculated with the Quetelet index or kg/m 2 (body weight in kilograms, divided by height in meters squared). Blood pressure was measured with a stethoscope and sphygmomanometer in the left upper arm while the subject sat down in a quiet room with a temperature between 21-23°C. The body composition, the ratio of fat to fat-free mass, was measured by a bioelectrical impedance analyze method (BIA) with an Omron BF 306 Body Fat Monitor (Omron Matsusaka Co. LDT, Japan) considered a reliable and valid method to measure resistance in biological tissue. 25 For examination of blood lipids/lipoproteins (LDL-C, TC, HDL-C, VLDL-C, TRG), the Cholestech LDX system enzymatic methodology was used and the analyses were performed on a Cholestech LDX analyzer (Cholestech Corporation, Hayward, CA, USA).
Evaluation of Physical Activity
To obtain information about the physical activities performed between the blood sampling occasions and during the 30-minute walk, all participants wore a hip pedometer (Yamax SW-200, Tokyo, Japan) and a hip accelerometer (Stayhealthy RT3 triaxial activity monitor, Monrovia, California).
Pedometers used in the current study measure the vertical accelerations of the hip to provide a count of the number of steps taken. The pedometer measures daily total movement counts (steps). The daily counts were registered in a self-registration protocol, which was also used for registration of exercise sessions that the pedometer did not quantify (eg, swimming and cycling activities). The participants in the exercise group also noted the counts for the 30-minute walk in the same protocol. The Yamax SW-200 pedometer used has been extensively validated in the literature and is considered the criterion pedometer. 26, 27 The RT3 accelerometer, also used in present study, measures physical activity in 3 planes (vertical, horizontal, and sagittal) and reports activity units (vector magnitude units) and energy expenditure (kcal). The advantages of accelerometers are the sensitivity to low levels of activity, the reflection of intensity and frequency, the collected time series data, and the illustration of activity patterns. Limitations with the accelerometers are that they do not registry cycling. The RT3 measures body acceleration minute-by-minute in 3 dimensions (anterior-posterior axis, medial-lateral axis, and vertical axis), functioning in exactly the same way as the TriTrac-R3D, used extensively by the medical research community since 1992. 28, 29 The RT3 was set to mode 4 that samples data for all axes and calculates the vector magnitude every second.
Ethics
The study has been approved by the Research Ethics Committee, Linköping University, Dnr. M144-04. All participants gave their signed informed consent before the start of the study.
Statistical Analysis
The Statistical Package for the Social Sciences (SPSS) was used for analyzing the data (SPSS Inc, 2004). The Kruskal-Wallis nonparametric data analysis, with significance levels set to P < .05 and P < .01, were used to test for whether any differences between exercise and control group at baseline existed. Differences in the number of daily steps, energy expenditure, and blood analysis data from the 3 sampling occasions were detected by 2 × 3 repeated measures of ANOVA. A delta variable [Δ = Week (2-4) -Baseline] was constructed for the physical activity parameters and (Δ = Week 4 -Baseline) for the body composition and blood lipid parameters. Paired and unpaired t tests, depending on whether the comparison was within or between groups were used to compare group-means of physical activity, body composition, lipids, and lipoproteins. To assess whether the amount of Δ energy expenditure/day correlates with the Δ blood lipid changes in the total sample, the data were analyzed with Pearson product-moment correlation.
Results
Baseline Assessments
There were no significant differences between groups at the baseline for height, weight, BMI, and blood pressure. However, the control group was significantly lower in age and percentage body fat (Table 1) .
Results from the questionnaire about lifestyles characteristics of the participants showed that the control group expressed a larger frequency of exercise the past year compared with the exercise group (2-3 times/week vs. sometimes to 1 time/week). There were no differences between groups in time spending on TV-watching and grade of sitting at work ( Table 2) .
Three-Week Intervention
The main findings from this study pertain to the observation that lipid changes due to moderate-intensity physical activity were measurable after 3 weeks of daily physical activity. The physical activity at baseline (one week measures of average daily steps) was 8104 ± 2297 (mean ± standard deviation) steps in the exercise group and 9684 ± 2303 steps in the control group. Figure 2 shows the average number of daily steps taken during the first week (baseline), the 2nd week, and the 3rd to 4th weeks in both groups (Figure 2) .
Participants in the exercise group increased their physical activity on an average with 3008 steps/day during the 3-week period of 30 minutes daily brisk Note. Values are means ± standard deviations. Significant differences between groups: * P < .05; ** P < .01. walking, a significant improvement relative to the control group. The energy expenditure increased with an average of 114 kcal/ day during the same period in the exercise group and remained constant in the control group (Table 3 ). The average of steps taken during the 30 minutes brisk walking bout was 3669 steps/bout (SD = 552) which generated a mean energy expenditure of 191 kcal/bout (SD = 53).
There was a significant decrease over time, in body weight and body mass index in the exercise group (P < .05); this reduction was not shown by the control group. There was no significant change in body composition between the 2 groups over the 4 weeks studied (Table 4) . Participants in the exercise group showed a significant decrease during the 3-week study in serum concentrations of total cholesterol (TC) by 0.28 mmol/l (SD = 0.48) and low density lipoprotein cholesterol (LDL-C) by 0.30 mmol/l (SD = 0.45). There were no significant changes in TC and LDL-C over time in the control group and between groups. None of the remaining indicators of blood lipid status differed significantly over time or between groups ( Table 5 ). The quotient of TC/HDL-C showed an insignificant decrease with 0.21 mmol/l (SD = 0.57) in the exercise group compared with the control group in which the TC/HDL-C quotient remained stable through the study.
The analysis showed a significant inverse correlation relationship between Δ energy expenditure/day and Δ LDL-C (r = -0.39, P < .05). Note. ΔE and ΔC = (Week 2-4) -(Baseline) for Exercise and Control groups, respectively. Values are means ± standard deviations. Differences between groups: * P < .0001; Differences over time: ** P < .0001. 
Table 4 Body Composition Assessments at Baseline and Week 4 and Mean Changes (Δ)
Exercise
Discussion
The aim of the current study was to highlight further moderate physical activity as prevention for CHD risk factors such as overweight, elevated LDL-C, TC, and a decreased HDL-C in adults. Further, the ambition of the current study was to follow the recommendations from American Heart Association that the use of best experimental designs and measurement instruments tend to give the strongest relationships between physical activity and decreased CHD events. 17 Thus, the strength of the current study was the control of daily physical activity using 2 instruments with good reliability and validity, hip pedometer and multi axial accelerometer. At baseline a questionnaire also accomplished the data collection for physical activity.
In a meta-analysis of randomized controlled trials dealing with the effects of walking on lipids and lipoproteins upon 692 walkers (healthy adult subjects), Kelley et al showed a significant walking-induced decrease of 5% for LDL-C and 6% for TC/HDL-C, but no significant changes for TC, HDL-C, or TRG were observed. 30 Although not directly comparable, in the current study a similar improvement for LDL-C and TC but not for TC/ HDL-C was observed. The 3-week intervention of 30 minutes of daily moderate physical activity revealed statistically significant mean reductions in LDL-C by 7.8% and TC by 4.9% for the exercise group compared with nil changes in the control group. Similar findings have been reported in other walking studies. 22, 31, 32 The finding that daily moderate physical activity lowers the LDL-C is in line with the effects of statins and may thus be of clinical importance in lowering the LDL-C blood concentrations and the subsequent coronary heart diseases. 14 The mean frequency of intervention programs in 33 studies was 4.75 times/week (SD = 2.5). 30 None of these studies, however, had an intervention of walking for 7 days/week for all participants in the exercise group. The current study had a short intervention length (3 weeks) compared with the mean length of the meta-analysis study by Kelley et al, 30 which described 23.19 weeks per intervention. Nevertheless, the improvements of the blood lipid profile were similar. The findings of the current study show that the health benefits of daily moderate physical activity, which appear after only a 3-week intervention, can be useful as motivational information in public health programs. In a later study of 22 randomized controlled trials representing 30 outcomes from 948 subjects (573 exercise, 375 control) that met their inclusion criteria, across all designs and categories and with random effects modeling, Kelley et al observed a significantly greater decrease in the walking (exercise) group in comparison with the control group of approximately 4% for non-HDL-C. 35 The results of this meta-analytic review suggested that walking reduces non-HDL-C in adult humans. Taken together with the present findings and those of Kelley et al, 30 it may be speculated that regular physical exercise reduces first "bad cholesterol" before eventually increasing "good cholesterol." The former is implicated in both neurodegenerative effects 36 and immune function disorder. 37 Recent studies have demonstrated improvements in neurodegenerative deficits 38, 39 and neuroimmune functioning. 41 According to the study design and monitored adherence, the exercise participants in the current study ought to have achieved a total dose of 210 minutes/ week of moderate-intensity physical activity. This level of activity exceeds the current 150 minutes/week guideline which may, in part, explain the lipid changes following the relatively short 3-week intervention period.
The importance of controlling the total amount of physical activity during the intervention period, including the 30-minute walking bout, should be stressed, because it has been reported that even accumulated short bouts of moderate daily activity improve the blood lipid profile. 24 The activity monitor RT3 accelerometer gave the opportunity to have a daily 24-hour control of the physical activity during the intervention period.
It has been reported that adult individuals targeting the zone of 9000-12,000 steps per day 33, 34 are more likely to be classified as normal weighted and therefore sufficiently active. Our study sample supports these observations as the control group had a BMI of 23.8 and was classified as normal weighted. Their average physical activity level at baseline was 9684 steps/day compared to 
Conclusion
Daily single bouts (30 minutes) of moderate-intensity physical activity over 3 weeks induced lipid changes.
From the results of the 3-week intervention, it was concluded that an increase in physical activity by approximately 3000 steps/day corresponding to an extra energy expenditure of 114 kcal/day improve health benefits as favorable body composition and blood lipid profile. A daily single bout of moderate physical activity for 30 minutes, during 3 weeks, does affect weight, BMI, and the blood concentration of LDL-C and TC in 25-to 45-yearold healthy adults. There is a dose-response relationship between daily energy expenditure and improvements of blood lipid profile.
